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E-beam-induced fluorescence of ●xcimers in cryogenic solutions

Thomas R. Loree, Robert !!. Showalter, Tanars H. Johnson, John H. Telle,
Robert A. Fisher, ●nd Willism fl. Hughes

Los Alamos National Laboratory, Chemistry Division,
Los Alamos. NM 87545

Abstract

We have detected the fluorescence ●mitted from ●xcimer ●olecules formed i:: ●-beam-pumped mixtures in a
liquid ●rgon host. The mixtures were both binary (halogen donors in the liq’Jid ●rgon) ●nd ternary (dilute
concentrations of donors and other rare gases in the liquid ●rgon). Many excimers were observed, Including
the rare-gas dimers Xe2, Kr2, and Ar2. Strong fluorescence was seen from XeF, XeCl, ●nd ArO.

Introduction

Excimers, which are molecules with unstable ground states, ● re of great interest ● s lasing species. ]
Dimer excimers such ● s KrF, XeCl, and XeF are routinely used in uv lasers, and trimers such as Kr2F ●nd Xe2Cl
● re ●xtendinR the ranRe of excimer las.?rs into the visible. We have initiated ● study of e-beam-pumped
solutions of various halogen donors and rare gases In ilquld ●rgon; du~ing irrrdistion these solutions form
excited excimers in the liquid. There ● re several motivations for ~nvestigating these excimers. An obviouz
on- is the possibility that liquid excimer lasers might be ● great deal more compact than the present gaseous
laaers. An equally valid reason is that m solu~ion the excimers are ettongly red-shifted, ao that lasers at
new wavelengths become possible. These large solvent shifts are illustrated by data for the D-X transition
of XeF in Table 1.2 As the atomic weight of the solvent increases, the ●nergy levels ● re brought cluser
together, ao that the energy of this transition decreases, ●nd tbe wavelength of the emitted light red-shifts
to increasingly larger vzlues. The ●nergy shifts ● re so lsrge that ●very solvent chsnge takes this same
excimer transition into ●n entirely new wavelength span,

We report here the initial stage of ● systematic investigation of liquid-argon-baaed binary and t?rnary
systems, in which we detected the crested ●xcimers by their optical fluoreacxsce. The halogen donors we used
were 02, N20, F2, NT-3, ●nd Freon-n (CC13F, ● Cl donor), In ternary mixes we ●lso ●dded the rare gases Kr
●nd Xe to the Ar host, Host of the ●xpected excimers were formed, those baaed on Kr being the least success-
ful. Among the brightest were the rare gas dimers themselves, notably Xe2.

Table 1 Solvent Shifts ~Example: th~ XeF(DX) Transition]— —— —“
Medium

.——.
Wavelen.&h————

Ga a
—— —

Xnm
-. ———

Liquid trgon 232 mm
liquid krypton 312 rsm
liquid xenon 371 nm

——. —.. .—. .

Appsratus

Figur* 1 is a schematic of the apparatus in ● plan view, The heart of the system was ● liquid-nitrogen-
cooled optical cell in which the gas mixtures were liquified. This was surrounded by an ●vacuated jacl”.~t
which is not shown. Th? temperature was controlled hy balancing radiation input against cold nitrogen vapor
flow, with a resultant stability rsnge of t2°C.

The 40-ns, l-fleV e-beam was I IIerated by a coaercial Feb@tron.3 The energy deposited in the medium
through thr nickel foil was typically 0.25 J, The penetration depth ir. the liquid was ●bout 1,5 m. The
othrr beam dimensions were 19 MI (width) and 3,2 m (height), ~ivine an active volume of 0.1 Cms, ●n energy
d?nslty of 2.7 J/cms, ●nd ● pow~r density of 7C HW/cm3,

Th~ windows on the optical cell were sealed with Ph(Ca) alloy Baskets compr~ssed by the windows onto th~
flnt diamond-turned surface of the cell, The emitted fluorescence encappd into the avacuated optical box
through a pair of flgF2 windows (the second one on tbe VSCUUSI chamber), ●nd immediately encountered ● colli-
mating lenfi, The edses of Lh? now-collimated bean wrre diverted by ●djustable pick-offs to o pair of photo-
dlodes, onr ●~nsitivr at 11o-33o rim (“WV photodiode”) and the other detectint 230-850 M (“visible PD”),
Llecaus~ the long ●-beam pula? obviated accurate lifetime meaauremants, no kinetic data ● re included in this
report. The central portion oi the beam impinged upon the slit of the vacuum spectrometer, In ●ost of thr
spectra presented here, a 30b-lin~/mn holographic grating was eaployed. The spectral detector was an in-
tensified fliodc ●rray, modified for vuv use by replacing tbc window before the ●icrochannrl-plate int~nsi!ier
(normally quartz) with a tfgFz window. The dioii~ ●rray signals were convrrted into spectra by ●n ●ccompanyinrn
upticsl multichannel analyzer,’



.“

~!~e purj●y required of tbe Sarres ●od tbe vstem was quite stringent. After observing initially inconsis-
tent results, we CZMF LO realize that donor (an. inadvertent donor) levels on the order of 10 pph could create
spurious spectra; mtber unidentified contaminants ●L tbe same levels quenched the fluorescence completely.
A,fter ~loying ● Hydrox gaa purifier to clean up the ●rgorrs ●nd paying scrupulous ●ttention to system clean-
liness, these problems were controlled. The gaa-baodling system was bakeable, compatible with fluorine passi-
vation, lisited to 1000 psi, ●nd ●vacuable to 10-6 torr. All ●ixes were made in uaseous form before liauifac -
tion, kd in runs requi;ing cbmges of concentration we always
presented ● re single-shot ●xposures, but only in the very lowest
repeated shots depleting the donors.

Observations

Rare gas diners

.
worked from low-to high levels. All spectr~
(sub-ppm) mixtures did we see any ●violence of

In Figure 2 we show the emission spectra of the three rcre-gas dimers, Ar2, Kr2, ●nd Xe2. For the
spectra shown, the Kr and the Xe were in solution ●t corrcentratioos of 10% ●nd 0.01%, respectively. The low
Xc level was cho[err to show an ●ccompanying ●tomic Xe peak which quenched out ●t higher concentrations. The
maximum pbotodiode signals observed from these three species (with constant conditions and nearly constant
photodiooe response uver these wavelengths) were 60 mV for the Ar2, 2.8 V for the Kr2, and 6.0 V for the Xe2.
The peaks were red-shifted by 2-3 mm from their gaseous wavelengths.

A;~on/donor bin~ry mixtures

Figure 3 shows the ArO peak genermted by 100 ppb of N20 in Ar (th* ?J@ donor was rrrorc effcctivr that, CJ2,
anti became our stand?rd oxygen donor). This peak could stili be detected with less than 10 ppb of oxygen
donor in the system. The ArO transition, and that of KrO, ● re ●lmost identical to the axygrn green aurora]
:r#nsition itself, and all occur ●t 558 nro.s (XeO, however, will be seen to be more stratrgly bound. ) The Aro

peak was quite bright ●nd, curiously, increased strongly when the liquid mixture wss solidified,

The formation of trimers is expected to occur in high concentrations of the noble gas components. In
agreement with this prediction, decors of F ●nd Cl in pure liquid Ar praduced only trimer excimers (in add]-
tion to Ar2), Figures 4 and 5 show the resultant Ar2F aod Ar2Cl (we preferred NFa over F2, beicg as effective
as fluorine donor but ,much ●asier to handle). These broad peaks were botb red-shifted from thrir gaseous
central Wavelengths of 285 ●nd 245 run by 20 run. Note that upon solidification the red shift increased,

Krypton EIUS rfonor in ●rgon—— *

These fam~liei of ❑ixes were t~lc least successful of o,lr ●xcimer-producing liquids, furmlng stronR Krz
●nd weak peaks attributed to KrF, KrCl, Kr2F, ●nd KrO.

Xenon plus donor in argon.——-

All three donors produced bright fluorescence, once the proper relative concentrations w?re found, The
d~ta shown were taken with Xc/donor ratios of 1/1, Figurr 6 shows the emission from ACO, ]n contrast to Ar(l,
XeO shows definite band structure, with the wavelength-lahel~d praks coming frnhl thr 2-O to 7-O transltl[,ns,
‘The two rightmo~t peskc ● re from higher levels. Th~ mixture contain~d 10 ppm of both Xr and N20.

The donors NF’3 and Freon-l] produced rornplet? sequences of XeF and XeCl, #s shawn in Figure 7 TIIV lar~r
red shifts ● re ●violent in the (B-X) transitions, which ● re thr normal lasing transitions, In garr IaBrr# thr~rn
occur at 308 mm (XeCl) and 352 mm (XeF), but III liquid Ar we saw these (B-X) trantritionrr shiftrd to 352 a,Id
405 Mr. Tbe concentrations were 1(I ppr for the NF3/Xe run snd 100 ppm Ior the FN-11/Xe data,

Conclusions-—-— . .

Our primary question is how the dellaity of potentisl laninR states in th? liquids compcrr$ to thoMr ill
gam excfmer laaers, wkir-h W* can at this time anawer to a first approximation, The density of rxtitrd ~tat~,s
●pproached 1010 cm- s ~fi high-pre$$ure excimrr Iasrr$ly Sine? thr density of the ●rgon hnst is 2 Y 1022 cm-:i,
excitml-ntste should occur at dunor concerrtrations on the ord~r of 1 pprn tlont of thesr cxcimrr ny~temb,
errpecially the xenon-based onert, fluoresced w?lI at Ievrla of 100 ppm or more, Thun if thrI kinrti(s ond
efficipncieo of formation are favorable, the prospects fur rfwrloping compart lasrr~ arr good,

The efficacy of thr vJriouK excirnorn produced so far tannot hr weiRhed on thr basis of fluoren~rnir nlonrn
V]n~tic measurements and sodelina will be reauircd to ●ssf!rnn the h~st l?IIinrr c.sndidatrn. The 10IIE r)ulsr {I!
thr present e-beam machinr ohrrcu~rn shor’t-llietirne data, Wr hop~ t, obtain i short-pulnr
ljf~tlm~ measuremcnta, tnrf to also ●xtend thr scrrp~ of thr investigation of new exrimrr IyI

flef?rcnc?s— . ..—.
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Figure 1. A schematic of the cryogeoic optical
cell and diagnosti~ train, viewed in cross-section
from ●bove. Basically, fluorescence from the
irradiated liquid was collimated and propagated
intn sn evacuated spectrometer, where an intensi-
fi. ti diode zrray was used to detect the time-
int<grarel spectrum.

Fi&ure 2!. The noble gas dimer spectra as seen in
pure Ar, 100% Kr/Ar, and 0,01% Xe/Ar.

Figurr 3. ,$.rb formed in a 100 ppb solution of N20
in Ar.

Figure 4. The halogen donors in Ar alone resulted
in trimer ●xcimers, as t.t,r Ar2F seen here produced
by jO pplIl of Fz,

Figure 5. The Cl-donating Freon-n at 1 ppm in Ar
produced Ar2C1. The additional red shift IC a
sol~d matrix is also shown.

Figure 6. Unlike ArO and KrO, XeO i= a resl bcund
iwletuie. The spectrum seen here shows a typical
molecular progression of bands in the green. This
spectrum was taken with a mixture of N20/Xe/Ar,
with the N20 ●nd Xe present at 1 ppm in the Ar
host .

Figure 7. Ternary m’.xtures of (1:1) Donor:Xe in Ar, with NF3 (10 ppm) and Freon-1] (100 ppm) donors resulted
in these complete se~ies of XeF and XeCl transitions. The (B-X) are tbe normal laslng trans~tions. The (C-A)
are quite broad because of the curvature of the repulsive A state%.
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